Syph a cia sp. is a common intestinal parasite in conventionally-housed laboratory rodents. Although gross lesions are rare in oxyuriasis, it is possible that more subtle changes may develop, which may affect research results. In this study, we analysed the responsiveness to b-adrenergic stim ulation by isoproterenol (ISO) of left atria isolated from Syph a c ia -infested (SYPH) and control, non-infested adult male Wistar rats (CONT ). In the non-infested animals, ISO pD 2 was not signi®cantly changed by ivermectin treatm ent. Whereas the maxim al inotropic response to ISO was not signi®cantly affec ted, the pD 2 value was decreased in SYPH (7.61 0.09, nˆ7, vs 8.21 0.25 in CONT, nˆ5, P < 0.05 ), indicatin g lower sensitivity to b-adrenergic stim ulation. T his change was similar to that caused by a classic stressor, namely repeated immobilizati on, in non-infested rats (IM MO ). In this group, ISO pD 2 was 7.62 0.14, nˆ6 (P < 0.05 with relation to CONT ). T he results indicat e that infestation with Syph a cia sp. is as effective as im mobilizat ion at dim inishing cardiac reactivity to b-adrenergic stimulation. It is thus possible that oxyuriasis may affec t the response of other tissues to physiological modulators. (2003) 37, 63-67 C o rre spond e nc e to : Dr Ro sa na A. Ba ssa ni E-m a il: ro sa na @ceb .unic a m p.b r
Syph a cia sp. is one of the oxyurids which most commonly infest laboratory rodents. Adult worms inhabit the caecum and colon, and eggs are deposited in the perianal region. T he embryonated eggs are resistant and light, and may easily aerosolize, which favours environmental contamination. Reinfestation also occurs by egg ingestion during self-cleaning behaviour. Mat ure worms may be found in the caecum 10±15 days after egg ingestion (Baker 1998 , Gaillard & Clifford 2000 . T his nemat ode is highly prevalent in conventional maintenance animal facilities, and it has been detected even in barri er-protected anim al colonies (National Research Council 1991 , Pinto e t a l. 1994 , Baker 1998 , Gilioli e t a l. 2000, Girotto e t a l. 2000 ).
Lesions caused by severe oxyuriasis appear to be rare. For moderate parasite loads, infestation is usually considered to be subclinical (Nati onal Research Council 1991 , Baker 1998 ). However, research results might be affec ted by more subtle alterations in animal physiology brought about by the parasitism. For instance, Syph a cia sp. infestation has been found to interfere with the occurrence of induced adjuvant arthrit is (Pearson & Taylor 1975 ) and with intestinal electrolyte transport (Lubc ke e t a l. 1992 ). However, reports on the impact of this type of parasitism on research are still scarce (Baker 1998) , and studies on the response of peripheral tissues to neural=hormonal modulators are lacki ng.
Because chronic parasitism might represent a stressful condition for the host, and because it has been shown that repeated exposure to stressors may change atri al reactivity to b-adrenergic agonists (e.g. Bassani & De Moraes 1988 , Capaz & De Moraes 1988 , Spadari & De Moraes 1988 , Kaufm an & Horton 1992 , Bassani & Bassani 1993 , in the present study we examined the inotropic responsiveness to b-adrenergic stimulation of left atrial tissue isolated from Syph a c ia sp.-infested rats. Our observati on of subsensitivity to the b-adrenergic agonist isoproterenol (ISO) indicates that oxyurid infestat ion may affec t tissue reactivity to autonomic neurotransmitters.
Materials and methods

Anim a ls a nd im m ob iliza tio n pro c e d ure
Speci®c pathogen-free adult male rat s (Ra ttus no rve gic us, var. Wistar) bred under protection barri er system conditions were purchased from CEM IB=UNICAMP (an ICLAS monitoring=reference centre). T hese colonies have been periodically monitored since 1989 with consistently negative results for the following pathogenic agents: rat coronavirus (RCV=SDAV), Sendai virus, parvovirus (RPV, MVM, KRV, Toolan H-1 ), pneumonia virus of mice (PVM), rotavirus, reovirus type 3, T heiler's GD-VII virus, lymphocytic choriomeningitis virus (LC M), mouse adenovirus, mouse cytomegalovirus, rat poxvirus, Myc o pla sm a pulm o nis , C lo strid ium pilifo rm e , Pa ste ure lla pne um o tro pic a , C o ryne b a c te rium k uts ch e ri, Bo rd e te lla b ro nc h ise pti ca , To xo pla sm a go nd ii, primary and secondary opportunist pathogenic bact eria, ectoparasites and endoparasites. Animals were acclimatized at the anim al facility of the Centro de Engenharia Biom e Âdica= UNICAMP for 4±6 weeks before the experiments and maintained in collective cages (two rat s per cage), at 20±23 C under a light±dark cycle of 12:12 h. Cage bedding (heat-sterilized wood shaving) was replaced on alt ernat e days. Balanc ed pellet diet (Nuvital Nutrientes Ltda, Colombo, PR Brazil ) and ®ltered water (2 mm pore) were offered a d lib itum . Experim ents were performed when the animals reached the age of 12±14 weeks.
Five experimental groups were studied:
(a) non-manipulated rats (NM, i.e. animals which were not infested and not subm itted to immobilization or ivermectin treatm ent, four rats); (b) non-stressed, Syph a c ia sp.-infested rats (SYPH, seven rats); (c ) non-stressed, non-infested control rats (CONT, treated with ivermectin, ®ve rats); (d) non-infested, immobilizati on-stressed rat s (IMM O, six rats); and (e) Syph a c ia sp.-infested, immobilizationstressed rats (SYPH ‡ IMM O, four rats).
Syph a cia sp. infestation was diagnosed by presence of the worm in the faeces, as well as by the observation of eggs in the perianal tape test. Non-infested rats tested negative for intestinal worms and perianal eggs, after oral treatm ent with 1% ivermectin (Gaillard & Clifford 2000 ) , associated with ivermectin topical applicati on and weekly environmental disinfection with hot steam for 5 weeks. T he NM group, not treated with ivermectin, also tested negative for Syph a c ia sp.
As a classical stressor for rodents, we used physical restraint in a Plexiglas tube especially designed and constructed in the Centro de Engenharia Biome Âdica= UNICAMP. Eac h im mobilizat ion session lasted one hour, during which the anim al remained in a dark and silent room. Rats were subm itted to a single daily session (startin g from 11:00 h to 13:00 h) for 3 days. Atrium isolation took place im mediately after the last immobilizati on session. All in vitro experiments started between 12:00 h and 14:00 h.
T he present experimental protocols were approved by the Ethics Committ ee for Animal Research of the Institute of Biology, Universidade Estadual de Campinas.
C o nc e ntra tio n-e ffe ct curve to ISO For euthanasia, concussion followed by im mediate section of cervical blood vessels was chosen because preliminary results showed that chemical euthanasia interferes with atrial adrenergic reactivity. After thoracotomy, the heart was removed, and the left atrium was dissected and mounted vertically in a tissue bath containing Krebs±Henseleit solution of the following composition (mM ): 130 NaCl, 4.6 KCl, 10 NaHCO 3 , 1.5 CaCl 2 , 1.2 KH 2 PO 4 , 11 glucose, one ascorbic acid, pH 7.4. T he solution was continuously gassed with 95% O 2 =5% CO 2 and kept at 36.5 C. T he tissue was impaled in one extremity by a pair of platinum electrodes for electrical stimulation (bi polar voltage pulses with amplitude 1.2x threshold, 2 ms duration, 1 Hz). T he other extremity was attac hed to an isometric force transducer (Narco Bio-Systems, Houston, USA). After the muscle was stretched to its optim al length, a 40 min period was allowed for stabilizat ion of the developed force.
In each atrium a cumulative concentration curve to the selective b-adrenoceptor agonist ISO (Sigma Chem Co., St Louis, USA) was obtained, with logarithm ic increases in ISO concentration. T he maximal effect was attain ed when further increases in ISO concentration failed to augment the developed force (Bassani & Bassani 1991 ). Responsiveness to the agonist was estim at ed by the maximum response (Rm ax, i.e. the maxim al ISO-induced increase in force above the baseline force, which was recorded before ISO addition ) and by the pD 2 value (the negative logarit hm of the EC 50 , i.e. the ISO concentration which produced a response amounting to 50% of Rm ax).
Rmax and pD 2 values were compared among the groups by using one-way analysi s of variance and po st-h o c Student's t-test, considering Pˆ0.05 as the limit for statist ical signi®cance. Data are presented as means accompanied by the standard error or the limits for 95% con®dence interval.
Results
We did not observe signi®cant differences in the baseline force or in the inotropic responsiveness (Rmax and pD 2 values) to ISO in left at ria isolated from non-infested, non-stressed rat s in the presence (CONT ) and absence (NM) of ivermectin treatm ent, as shown in Table 1 .
Oxyuriasis did not cause signi®cant changes in either the baseline force developed by isolated atria or the Rmax to ISO (Table 1) . However, in the case of preparations from infested rats, the concentrat ion-effect curve to ISO was shifted to the right, relative to that for non-infested animals (Fig 1) . T his change was associated with a statist ically signi®cant decrease in the pD 2 value, from 8.21 0.25 in CONT to 7.61 0.09 in SYPH (P < 0.05). T his corresponds to a 4-fold increase in the ISO EC50, and characterizes b-adrenergic subsensitivity in the atria from infested rat s (Table 1) .
Repeated immobilizati on stress was equally as effective as oxyuriasis at decreasing the sensitivity of left atria to the ISO inotropic effect (Table 1 and Fig 1) . In IMMO, pD 2 was 7.62 0.14 (P < 0.05 with respect to CONT ). Interestingly, im mobilizati on stress failed to produce further atri al subsensitivity when applied to infested rats (pD 2 of 7.58 0.19 in Table 1 The number of experiments is indicated in parenthesis for each group. Data are presented as means, and the corresponding limits of the 95% con dence interval are shown in parenthesis * P < 0.05 with relation to CONT and NM SYPH ‡ IMM O, nˆ4, P < 0.05 and P > 0.05 in relation to CONT and SYPH, respectively).
Effects of Syphacia sp. infestation (SYPH) and immobilization stress (IMMO) on the inotropic response to isoproterenol in isolated rat left atria, compared to non-infested, non-stressed controls submitted (CONT) or not submitted (NM) to ivermectin treatment
Discussion
In the present study we describe a decrease in cardiac b-adrenergic reactivity associated with Syph a c ia sp. infestati on in rats. T his is, to our knowledge, the ®rst report of oxyuriasis-associated alteration in cardiac responsiveness of a physiological modulation pathway.
In our experiments, ivermectin treatm ent was used to ensure that the CONT group was oxyurid-free. T he possibility that the difference in ISO pD 2 between CONT and SYPH might have arisen from ivermectin-induced adrenergic supersensitivity in the form er, rather than from a parasiti sm-relat ed subsensitivity, seems unlikely because ISO potency in control rats not treated with ivermectin (NM group) was essentially the same as in ivermectin-treated animals (CONT group), and within the normal range for non-manipulated control rats obtain ed in our laboratory (Bassani & Bassani 1991) . T hus, the change here reported appears to be caused by the oxyuriasis itself.
Two intriguing observat ions deserve attent ion:
(a) T he ®rst one is that the effect of Syph a cia sp. infestati on on atrial sensitivity to ISO was the same as that produced by suggesting that the effects of these two conditions were not additive. It is interesting to observe that repeated stressor application to rats over three consecutive days produces endocrine and behavioural changes charact eristic of chronic stress, such as a persistent increase in plasma concentration of adrenal corticosteroids (Ottenweller e t a l. 1992 ). Addit ionally, chronic stress by prolonged exposure of rats to insecticides not only causes atrial adrenergic subsensitivity, but also prevents further changes caused by footshock stress (R. A. Bassani, unpublished results), which resembles our present observations in infested rats.
Taken together, these observations suggest that oxyuriasis may represent a condition of mild, chronic stress, possibly related to persistent discomfort due to anal pruritus, as in oxyurid-in fested humans. However, our present results do not allow con®rmati on of the stressful nature of this kind of parasit ism.
Oxyuriasis in laboratory rodents has been frequently overlooked, mostly because of a lack of gross lesions or obvious changes in the main physiological parameters of infested animals. However, minor physiological alterations related to infestation might change the nature of the experimental subject, leading to potentially serious errors which may jeopardize the interpretati on of results in basic and applied research. T hus, it is advisable that care be taken in screening and in the eradication of this parasite in colonies of experimental rodents. Ac k no w le d gm e nts Ana Carolina Silveira was the recipient of an undergraduate fellowship from FAPESP=Brazil (Proc . N. 99=07422-9). We are indebted to Mr Gilson B. Maia Jr for technical assistance, and to Mr Roge Ârio Toledo for the construction of the restraining device.
